Introduction
Nociceptor sensitization is one of the central events underlying pain pathogenesis (Gold and Gebhart, 2010) . Tissue damage-mediated modulation of the threshold and magnitude of nociceptive responses to noxious stimuli is pivotal for the development of neural hyperexcitability (Gold and Gebhart, 2010) . It is well documented that pro-inflammatory mediators are major players in nociceptor potentiation by acting on neuronal receptors which, in turn, activate signaling pathways that affect the metabolic and functional state of peripheral sensory neurons (Hucho and Levine, 2007) , leading to altered patterns of neuronal activity. This shift is caused by changes in the activity of ion channels that may arise from variations in channel gating, channel distribution and/or channel density (Premkumar et al. 2004; Von Buren et al. 2005; Zhang et al. 2005; Camprubi-Robles et al. 2009 ). In addition, sensitized nociceptors, especially the peptidergic subpopulation, display an efferent function characterized by the release of the pro-inflammatory peptides substance P (SP) and calcitonin gene-related peptide (CGRP) that further enhance pain signals (Kilo et al., 1997; Meng et al. 2009 ). These neuropeptides also contribute to chronic pain conditions that apparently do not display an inflammatory process (Sprenger and Goadsby, 2009 ).
Neuronal release of pro-inflammatory peptides is carried out through a Ca 2+dependent exocytotic mechanism that is sensitive to the proteolytic action of botulinum neurotoxins, as well as to small molecules that target the soluble N-ethylmaleimide sensitive attachment protein receptor (SNARE) complex (Meng et al. 2007; Camprubi-Robles et al. 2009 ). Noteworthy, a similar exocytotic mechanism is involved in the inflammatory recruitment of TRPV1 to the nociceptor surface (Van Buren et al. 2005 ;
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We have previously demonstrated that small peptides patterned after the Nterminus of the synaptosomal protein of 25 kDa (SNAP-25), a SNARE complex protein, are inhibitors of neuronal exocytosis by interfering with the formation of the vesicular fusion protein complex between synaptobrevin, syntaxin and SNAP-25 (Blanes-Mira et al. 2004 ). The palmitoylated-derivative DD04107 blocked the inflammatory sensitization of TRPV1 by pro-inflammatory agents in intact primary sensory neurons in culture by preventing the recruitment of a vesicular population of channels to the nociceptor surface (Camprubi-Robles et al. 2009 ). Accordingly, these results suggest that compound DD04107 may display anti-nociceptive function. In this study, we have addressed this issue and tested the in vivo anti-inflammatory and antinociceptive activity of DD04107 in models of chronic inflammatory and neuropathic pain. We found that a single dose of DD04107 given subcutaneously or intramuscularly significantly and long-lasting reduced the thermal and mechanical hyperalgesia, as well as the mechanical allodynia in these pain models. Pharmacokinetic analysis reveals a systemic distribution and safety pharmacology parameters did not reveal any significant side effect. Thus, compound DD04107 represents a novel class of a lead that may be therapeutically relevant for the treatment of chronic pain. Our findings also substantiate a pivotal role of neuronal exocytosis in pain pathogenesis. This article has not been copyedited and formatted. The final version may differ from this version. JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org Downloaded from
Methods
Drugs. DD04107 (palmitoyl-EEMQRR-NH 2, DiverDrugs, Gavà, Spain), vincristine sulfate (Calbiochem), paclitaxel (Bisse Medical), morphine hydrochloride (Salars) and naltrexone hydrochloride (Sigma) were dissolved in saline and weighed as salt.
Streptozotocine (Sigma) was dissolved in sodium citrate at pH 4.5. DD04107, naltrexone, morphine and their vehicle were administered subcutaneously (s.c.) at a volume of 5 ml/kg. Vincristine, streptozotocine (STZ) and their vehicle were administered intraperitoneally (i.p.) at volume of 2 ml/kg. JPET#190678 CFA inflammatory model. Wistar rats (≈200g) were used for the study. CFA emulsion (1:1 oil/saline, 0.5 mg/ml) was injected into the plantar surface (50 μL) (Garcia-Martinez et al. 2006) . DD04107 was administered at 1 mg/kg i.m. in the ipsilateral leg 24 h after CFA injection. Thermal hyperalgesia was monitored 24 h after CFA injection and up to 6 h after administering the peptide with an Ugo Basile Dynamic Plantar Aesthesiometer as reported (Garcia-Martinez et al. 2006) . Briefly, rats were habituated to an apparatus consisting of individual Perspex boxes on an elevated glass table. A mobile radiant heat source was located under the table and focused on the hind paw.
Use of animals.
Paw withdrawal latencies were defined as the time taken by the rat to remove its hind paw from the heat source. A cutoff point of 25 seconds was set to prevent tissue damage. The mechanical allodynia was followed up to 5 days after DD04107 administration using the Von Frey fibers with the "up and down" method (Garcia-Martinez et al. 2006) . Rats were placed on a raised wire mesh grid (6 x 6 mm2 apertures) under plastic chambers. To quantify the mechanical sensitivity of the paw, hairs with different forces (in grams) were applied 10 times to the hind paw in ascending order of force. The frequency of withdrawal responses was monitored and represented as the response percentage. The hair was applied for 1 to 2 seconds, with an interstimulus interval of 5 to 10 seconds.
Vincristine neuropathy model. Sprague-Dawley rats (≈300 g) were used in this study.
Vincristine administration produces a long-lasting neuropathic state that mimics vincristine-induced pain in human patients (Aley et al. 1996) . Intraperitoneal injections of vehicle or 0.15 mg/kg vincristine sulfate were administered to rats three times a week for two weeks. After the baseline nociceptive threshold measurement, DD04107 was administered s.c. and rats underwent the Randall-Selitto test, at different times. The experimental groups were made up by 9 rats each: DD04107 at 0, 0.1 and 0.5 mg/kg was administered to vincristine-treated rats. The nociceptive threshold, expressed in grams, was measured by applying increasing pressure to the hind paws, using a Randall-Selitto analgesimeter. The parameter used to quantify the nociceptive threshold was defined as the pressure (in grams) at which the rat withdrew its paw. The value reported is the mean between the grams at which the rat withdrew the left and the right paw. This article has not been copyedited and formatted. The final version may differ from this version. JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org
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Taxol neuropathy model. Sprague-Dawley rats (≈250 g) were used in this study. Taxol administration induces a long-lasting neuropathic state that mimics taxane-induced pain in human patients (Polomano et al. 2001) . Paclitaxel was given to rats by intraperitoneal injections (2 mg/kg dose, with a volume of 1 ml/kg) on days 1, 3, 5 and 7 for a total cumulative dose of 8 mg/kg. Neuropathy developed over time and mechanical allodynia was monitored on day 27 after the first administration of the taxane. DD04107 was administered at 0.5 mg/kg s.c., and the mechanical allodynia was followed every 3 days (up to 12 days) with the "up and down" method using a 10g Von Frey filament (Garcia-Martinez et al. 2006) . The frequency of withdrawal responses was monitored and represented as the response percentage. The hair was applied for 1 to 2 seconds, with an interstimulus interval of 5 to 10 seconds. The maximum anti-allodynic effect that exerted by 100 mg/kg of gabapentin (i.p.) and the minimum the mechanical allodynia displayed by animals at day 27 after administration of paclitaxel and before instillation of the peptide.
Streptozotocin (STZ)-induced diabetes model. CD1 mice (30-40 g) were used in this study. Vehicle or 200 mg/kg STZ were administered to 16 and 47 overnight fasted mice, respectively. Blood glucose levels were measured 14 days after STZ injection by measuring the glucose concentration in a blood sample obtained by tail prick. Mice with glucose levels above 250 mg/dL were considered diabetic. Blood glucose levels were measured using a Glucometer Elite (Bayer) device. Vehicle was administered to two groups: vehicle-and STZ-treated mice. DD04107 at doses of 0.5 and 5 mg/kg was administered s.c. only to STZ-treated mice. Mechanical allodynia was determined at different times. The range of withdrawal response in diabetic mice was 1.1-2.1g, compared to the control mice range 4.1-5g. The incidence of allodynia in diabetic CD1 mice was 100%.
Osteosarcoma model. C3H/He mice (20-25 g) were used in this study. NCTC 2472 osteosarcoma cells were cultured in NCTC 135 medium containing 10% horse serum and passaged weekly according to ATCC guidelines. Cells were detached by scraping and centrifuged at 400X g. The obtained pellet was suspended in phosphate-buffered saline (PBS pH 7.2) and then used for intratibial injections (Menendez et al. 2003) .
For cell inoculation to mice, anesthesia was induced by spontaneous inhalation of 3% isoflurane in an induction chamber and maintained by administering 1.5% This article has not been copyedited and formatted. The final version may differ from this version. JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org Downloaded from isoflurane in oxygen through a breathing mask. A minimal skin incision was made in the right leg exposing the tibial plateau and a 22 gauge needle coupled to a Hamilton syringe with 10 5 NCTC 2472 cells suspended in 5 µL of PBS 1X pH 7.2 was used to inject the cells into the medullar cavity. Finally, acrylic glue was applied on the incised area of the tibial plateau and the surgical procedure was completed by stitching the knee skin. Control groups were injected 5 µL of PBS containing 10 5 NCTC 2472 osteosarcoma cells killed by quickly freezing and thawing three times without cryoprotection.
Mice were used at the particular times at which the measured nociceptive symptoms were detected. Thus, thermal hyperalgesia was studied 4 weeks after the inoculation of NCTC 2472 osteosarcoma cells whereas mechanical allodynia was assessed at week 2 (Curto-Reyes et al. 2010).
DD04107 was dissolved in saline (2 mg/ml) and administered s.c. in a volume of 10 ml/kg 4 weeks after the inoculation of NCTC 2472 osteosarcoma cells for the thermal hyperalgesia studies, and 2 weeks after the inoculation of NCTC 2472 osteosarcoma cells for the mechanical allodynia studies.
The thermal hyperalgesia was monitored using the Unilateral Hot Plate (UHP) test, mice were gently restrained and the plantar side of the tested paw was placed on a hot plate surface as previously described (Menendez et al. 2002) . The latency of paw withdrawal from the heated surface was manually recorded with a chronometer. The mean of two measurements of the withdrawal latencies of each hind paw separately and alternately performed at 2-min intervals was calculated. A cut-off time of 30 seconds was established as a means to prevent tissue damage. In order to obtain basal withdrawal latencies of about 14 s, plate temperature was adjusted at 51.7±0.2°C.
Mechanical allodynia in mice was assessed by applying von Frey filaments to the plantar side of the paws as previously reported (Curto-Reyes et al. 2010 ). Mice were placed on a wire mesh platform, covered with transparent plastic containers. A 25 minute period was allowed for habituation. The von Frey filaments 2.44 (0.04 g), 2.83 (0.07 g), 3.22 (0.16 g), 3.61 (0.4 g), 4.08 (1.4 g) and 4.56 (4 g) were used and, starting with the 3.61 filament, six measurements were taken in each animal randomly starting in the left or right paw. Based on the previously described manual 'up and down' method (Curto-Reyes et al. 2010) , the observation of a positive response (lifting, shaking or licking of the paw) after a 3 second-long application of a filament was This article has not been copyedited and formatted. The final version may differ from this version. JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org Downloaded from followed by the application of the next thinner filament or the next thicker one if the response was negative.
Effect of morphine and DD04107 on the mechanical nociceptive threshold in rats.
DD04107 was administered s.c. to Sprague-Dawley rats (≈300 g) at 0.5 and 5 mg/kg.
Morphine was administered s.c. at 3 mg/kg as reference drug. Naltrexone was used as opioid antagonist (Julius, 1979) , and administered s.c. at 0.1 mg/kg 30 min before DD04107 or morphine administration. The nociceptive threshold, expressed in grams, was measured by applying increasing pressure to the left and right hind paws, using a Randall-Selitto analgesimeter.
Pharmacokinetics studies. Male Wistar (≈300 g) were used for pharmacokinetic studies. Twenty-four hours before drug administration, the rats were subjected to jugular vein cannulation with a 12-cm long fragment of medical grade silicone tubing (Degania Silicone Europe GmbH, Regensburg, Germany; inner diameter: 0.5 mm; outer diameter: 0.94 mm). Anesthesia was induced before surgery by isoflurane inhalation.
Under anesthesia, 3.4 cm of the cannula was introduced into the jugular vein toward the heart and the free end was subcutaneously conducted to the dorsal base of the neck, where it emerged; the exteriorized end was closed with a polyethylene plug. The cannula was permanently filled with heparinized (20 IU/ml) saline solution. After surgery and until drug administration, animals were kept on nonfasting conditions overnight with water freely available. In order to facilitate blood sampling of conscious rats, a 15-cm long silicon tube (bridge-tubing) was connected to the free end of the cannula.
A total of 14 animals and 99 plasma samples were employed in the study.
Extemporaneous solutions were prepared by dissolving the corresponding amount of compound in saline solution. Two main groups of rats were randomly assigned to intravenous (i.v., 5 mg/kg) and subcutaneous (s.c., 10 mg/kg) administration. A second random assignation took place, A (administration and sampling period of time from 0 to 12 h) or B (administration and sampling period of time from 12 to 288 h).
Blood samples (0.4 ml) were drawn from the jugular vein cannula with heparinised syringes at 0, 0.25, 0.5, 1, 1.5, 2, 4, 8, 12, 18, 24, 48, 72, 96, 120, 192, 240 and 288 h after the DD04107 administration. After each sample was drawn, the blood volume was replaced with the same volume of a saline solution. The number of samples This article has not been copyedited and formatted. The final version may differ from this version. JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org Downloaded from processed within a 24 h period to obtain the curve of the plasma level of DD04107 was never higher than 11. After collection, each blood sample was centrifuged at 3500 rpm for 10 min and the plasma was transferred to an unused polypropylene tube and stored at −20 °C until it was assayed for DD04107 content.
Analysis of data was performed by noncompartmental analysis with the WinNonLin V.2.1 program. The area under the plasma concentration-time curve from immediately pre-dose (time zero) to the last quantifiable concentration (AUC 0-t ), the peak concentration of DD04107 (C max ), and the apparent terminal elimination phase rate constant (λ z ) was obtained for each animal. The λ z was derived from the log-linear disposition phase of the concentration-time curve by least-squares regression analysis with visual inspection of the data to determine the appropriate number of data points for the calculation of λ z . At least three points in the terminal elimination phase were required for calculation of λ z . The AUC 0-t was calculated by using the log-linear trapezoidal rule.
CGRP release from primary sensory neurons in culture. Neurons from neonatal wistar rat dorsal root ganglion were obtained (Camprubi-Robles et al. 2009) , and seeded at a density of 15,000 per well in a 96-well plate incubated at 37°C in humidified atmosphere with 5% CO 2 . Experiments were carried out in Kreb's-HEPES buffer (in mM: 110 NaCl, 4.5 KCl, 2 CaCl 2 , 1.2 MgSO 4 , 1.2 KH 2 PO 4 , 25 NaHCO 3 , 11.7 Dglucose, 5 HEPES pH 7.4). Previous to the quantification of CGRP release, cells were treated with the lipopeptides (10 µM for 1h) contained in the culture medium. After an extensive wash with Kreb's-HEPES buffer, cells were exposed to 1 µM capsaicin in Kreb's-HEPES buffer at 37°C for 5 min. Aliquots of 100 µl per well were collected for each treatment at 4°C and the CGRP content was determined immediately after the end of the experiment using the commercially available CGRP EIA kit (Spi-Bio Inc., France; Cayman, USA) according to the manufacturer's protocol. The CGRP in eluates was pre-incubated with the antibody-coated plate overnight at 4ºC before being reacted with the tracer antibody (the AchE-conjugated antibody). One hundred microliter of standards and samples were added to individual wells in a 96-well microtiter plate and incubated at 4ºC for overnight. Two hundred microliter of tracer antibody was then added and incubated overnight at 4ºC. Ellman's reagent was then added to the wells and incubated 30 min to 1 h at RT with shaking. A standard curve was generated for each assay and the concentration of CGRP in each sample was determined using the standard This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124/jpet.111.190678 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org Downloaded from curve. The values were expressed as the mean of four determinations. Plates were read at 450 nm with a microplate spectrophotometer and results were analyzed using GraphPad Prism 4.0 programme. The CGRP detection level of the method is about 2 pg/ml and all the measured CGRP values were at least twofold the detection limit.
Isolation of rat atria and aorta rings. Organ bath preparations were performed as described (Borges et al 1989) . Briefly, animals were killed by decapitation. The heart was rapidly removed and the right atria placed in a 4 ml organ bath cup. A basal tension of 1 g was applied and the contractions monitored using an isometric transducer.
Temperature was set at 34°C and the Krebs-bicarbonate solution (in mM: 119 NaCl, 4.7 KCl, 1.2 MgSO 4 , 1.2 KH 2 PO 4 , 2.5 CaCl 2 , 25 NaHCO 3 and 11 Glucose) continuously bubbled with 95% O 2 , 5% CO 2 mixture to maintain the pH at 7.4. Thoracic aortas were excised and cleaned of surrounding fat and connective tissues. Slices of ≈ 2 mm were cut with care to avoid the endothelial damage and mounted in the organ bath as described above using Krebs-bicarbonate solution and applying a basal tension of 1g (Borges et al 1989) .
Locomotor activity. Wistar rats were placed in the Rotarod (a cylinder that can rotate at constant or accelerating speeds) and the speed increased from 4 to 40 rpm over a period of 300 s. The time, in seconds, at which each animal fell off the rungs was recorded with a maximum cut-off of 600 s 1 day and 8 days after the administration of the different treatments (Boix et al. 2010 ).
The ability of rats to pass through a narrow beam to reach a dark box was evaluated. To force rats to pass through the beam, a white light illuminated the beginning of the beam. The wooden square beam (2x100 cm) was elevated to a height of 1 m above the floor. The time to cross the beam and the number of forelimb and hindlimb foot faults were recorded 1 day and 8 days after the administration of the different treatments. A fault was defined as any foot slip off the top surface of the beam or any limb use on the side of the beam. Four trials were performed before recording the results to habituate the rats to the beam and to let them to know the existence of the dark box at the end of the beam. The interval between trials was 5 minutes.
For the open field measurements, the animals were placed in an open-field activity chamber (43×43×30.5 cm) and allowed to explore for 60 minutes. Activity was This article has not been copyedited and formatted. The final version may differ from this version. Compound DD04107 was tested at 10 µM. For hERG channel activity recordings, compound DD04107 was tested at 0.5 and 5 µM. was significantly attenuated by the peptide, as evidenced by the increase of the mechanical threshold 24 hours after CFA administration (Fig. 1E) . Notably, the anti- allodynic activity of a single dose of DD04107 remained at least up to 5 days after its administration, as revealed by both the increase in the mechanical threshold (Figs. 1E) and the decrease of the animal response to stronger mechanical stimuli (Fig. 1F) . When the non-palmitoylated peptide was used, we observed a 50% lower attenuation of the heat hyperalgesia (latency of 11.2±0.5s, n=8, vs. vehicle, 7.6±0.7s, n=8) than that of DD04107 (15.1±0.9s, n=8), but that appeared at shorter times (1h upon administration).
This finding is consistent with the faster delivery and lower permeability of the nonpalmitoylated peptide, and further implies that the anti-nociceptive activity is due to the peptide and not to an alteration of the cellular membrane as a result of lipid-mediated peptide anchoring. Together, these results indicate that compound DD04107 displays anti-hyperalgesic and anti-allodynic activity against inflammatory pain, and that this activity appears to be long lasting.
DD04107 reduced the thermal hyperalgesia and mechanical allodynia induced by an osteosarcoma. To expand the in vivo anti-nociceptive activity of DD04107, we next evaluated its effect in an osteosarcoma pain model. Intratibial injection of tumor cells in mice provokes a tumor that is accompanied by both thermal hyperalgesia and mechanical allodynia (Fig. 2) . The underlying mechanism of bone cancer appears to involve an inflammatory process induced by tumor cells (Ghilardi et al. 2005) .
Compound DD04107, administered s.c., was able to significantly attenuate the thermal hyperalgesia in animals bearing the osteosarcoma in a dose-dependent manner ( Figs. 2A and 2B). Note that, at a dose of 0.3 mg/kg, the peptide completely reverted the thermal hypersensitivity ( Fig. 2B ), while at 0.1 mg/kg it displayed significant anti-nociception at 2-4 days after administration (Fig. 1A) . A similar result was observed for the mechanical allodynia that was fully reversed by 1 mg/kg DD04107 (Figs. 2C and 2D ).
Akin to the CFA model, the analgesic activity displayed of a single peptide dose started 24 post-administration and lasted up to 7-8 days. These observations corroborate that DD04107 has potent and long-lasting in vivo anti-hyperalgesic and anti-allodynic activity against chronic inflammatory pain. 3C and 3D). Taken together, these data suggest that compound DD04107 reduces the effects of the peripheral neuropathy induced by anti-cancer agents, and suggest a therapeutic use for this type of neuropathic pain.
DD04107 ameliorated the mechanical sensitivity of a diabetic neuropathy. We also investigated the effect of the peptide on the mechanical allodynia associated to a diabetes-induced neuropathy (Suri and Szallasi, 2008; Pabbidi et al. 2008 ).
Administration of STZ into mice increases the plasma glucose levels above 250 mg/dL producing overtime a peripheral neuropathy exhibiting conspicuous mechanical hypersensitivity (Fig. 4A ). Subcutaneous administration of DD04107 significantly reduced the mechanical allodynia in a dose-dependent manner (Fig. 4) , with a maximum effect at 4 h after instillation of 0.5 and 5 mg/kg of compound. At variance with the other pain models, the activity of the peptide at the highest dose (5 mg/kg) lasted up to 24 h post-administration ( Fig 4A) . A residual analgesic activity could be seen with 5 mg/kg after 5 days that did not reach significance, although the AUC at this dose exhibited a statistical difference (Fig. 4B) . A similar result was obtained with when STZ-induced diabetic Sprague-Dawley rats were used (data not shown). These findings show that compound DD04107 was also active reducing the mechanical hypersensitivity produced by a diabetic neuropathy. (Fig. 5A ). To further substantiate this mechanism of action, we evaluated whether DD04107 interacted with a battery of neuronal receptors. The binding screen on a panel of 60 neuronal receptors was carried out at Cerep. This assay, based on a competitive receptor binding approach, revealed that the peptide interacted with the adenosine type 3 receptor (A3), CxCR2, noreprinephine and dopamine transporters, and the δ 2, κ and μ opioid receptors with an IC 50 larger than 10 μM.
Since compound DD04107 appears to interact with opioid receptors, it may suggest a contribution of this signaling pathway for the compound in vivo activity. To evaluate this issue, we investigated the effect of naltrexone on the anti-nociceptive activity of 5 mg/kg of the peptide (Fig. 5B ). At this dose, DD04107 produced an increase in the mechanical threshold during the first 24 h. This effect was virtually identical to that displayed by 3 mg/kg of morphine. Pre-treatment of the animals with 1 mg/kg naltrexone, a potent opioid receptor antagonist (Julius 1979), completely abolished the effect of morphine, but did not alter the mechanical anti-nociception provoked by the peptide. Taken together, these results suggest that compound DD04107
does not act through a central opioid signaling pathway, and suggest that a peripheral mechanism of action may underlie the in vivo activity.
DD04107 pharmacokinetics.
To further understand the pharmacodynamic properties of the peptide, we next investigated its pharmacokinetics after intravenous and subcutaneous administration. As seen in Fig. 6A , intravenous injection of DD04107 resulted in rapid decay of the plasma concentration that was detectable up to 40 h. The data were well fitted to a two-compartment model, with fast initial α decay, followed by a slower β phase. The pharmacokinetic parameters are reported in Table I .
Subcutaneous administration of the compound also displayed a bicompartmental profile ( Fig. 6B , Table I ). For this instillation route, the maximum concentration for a 10 mg/kg dose was 16 μ M, and t max of 10.5 h after administration (Table I) . Inspection of the curve shows that the compound was detectable in plasma samples up to 200 h after administration, consistent with a long lasting presence in the plasma in accordance with the relatively modest rate of clearance (Table I ). In addition, a second plasma peak appears at 120 h post-administration, presumably due to a release of the peptide from DD04107 safety pharmacology profile. We next evaluated the safety pharmacology profile of the compound. First, an Irwin test to evaluate any behavioral effect of the peptide was performed. This test was performed at 3 doses of compound DD04107, from 0.5 to 50 mg /kg, and at 30 and 240 min post-administration. None of these doses produced any significant alteration on the parameters evaluated (Table II) . A particular attention was paid to body temperature and thermal nociception. As displayed in Figs.
7A and B, neither of these parameters was affected by DD04107 up to 50 mg/kg.
To assess the cardiovascular safety of the peptide, the effect of therapeutic concentrations on the hERG tail currents was evaluated. DD04107 did not affect these currents at therapeutic concentrations (0.5 and 5 µM) ( Fig. 8A) . Similarly, we investigated the atrial contractility in control conditions and the presence of 300 nM adrenaline. Figure 8B shows that compound DD04107 did not affect the beats per minute at concentrations as high as 30 μ M (Fig. 8B) .
To conclude this evaluation, we also investigated if the compound affected the locomotor coordination of the animals, as well as if it altered their learning and memory abilities. Table III summarizes all the parameters monitored and indicates that none of them was changed by the subcutaneous administration of 10 mg/kg of DD04107. A similar result was obtained from the learning and memory tests, namely the object recognition, spatial learning and spatial memory (Table IV) . Collectively, all these observations indicate that compound DD04107 is an analgesic molecule with an acceptable safety pharmacology profile.
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Discussion
A pivotal aim in the pharmacological management of pain pathogenesis is to control the molecular events that cause and are associated with nociceptor sensitization (Gold and Gebhart, 2010) . Sensitized nociceptive neurons are characterized by a remarkable high excitability due to both a decrease in their activation threshold and an increase in their firing frequency Gold and Gebhart, 2010) . immune cells that further potentiate nociceptor excitability (Kilo et al. 1997) .
Collectively, these observations signal to regulate neuronal exocytosis as a valuable therapeutic target to attenuate nociceptor sensitization. In support of this notion, botulinum neurotoxins have been shown to exhibit analgesic activity (Argoff, 2010; Qerama et al. 2010; Yoon et al. 2010 ).
The most salient contribution of our study is that a small peptide patterned after A concern with compounds that block neuronal exocytosis is the potential deficits on the locomotor activity and coordination due to relaxation of muscles (Favre-Guilmard et al. 2009 ). In addition, motor impairment could be the major mechanism underlying anti-nociception, instead of a nociceptive reflex. However, we found that the subcutaneous administration of the peptide did not affect motor performance at the doses tested. Overall, compound DD04107 displayed a favorable therapeutic index, since we could not detect any behavioral alteration at doses 100-fold larger than the therapeutic dose, nor significant potential cardiac effects or central alterations.
Furthermore, the body temperature and the heat nociception were not altered, consistent with the notion that DD04107 does not affect TRPV1 channel activity, although it efficiently blocks the inflammatory recruitment of TRPV1 and other thermoTRPs and ions channels to the neuronal surface (Camprubi-Robles et al. 2009 ). Accordingly, compound DD04107 appears to be a safe and potent compound that attenuates hyperalgesia and allodynia by blocking a nociceptive reflex.
A remarkable and unexpected property of compound DD04107 is its long lasting in vivo activity. This prolonged duration may be due to a favorable pharmacokinetic profile of the compound or to its stabilization in the cell membrane or a contribution of both. We could detect the palmitoylated peptide in plasma samples up to 200 h after subcutaneous administration, suggesting that the compound is probably stored in a fat This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on March 5, 2012 as DOI: 10.1124 at ASPET Journals on November 4, 2016 jpet.aspetjournals.org Downloaded from reservoir from where it could be slowly released. However, it should be mentioned that the plasma concentration at these long post-administration times appears significantly below the in vitro therapeutic concentration. Thus, although the pharmacokinetic profile is consistent with a long lasting pharmacodynamic effect, we cannot rule out that stabilization of the peptide in the plasma membrane of sensory neurons also contributes to the long duration of its in vivo activity. This tenet is backed up by the reported stabilizing effect that palmitoylation endows to peptides (Covic et al. 2002; Huster et al. 2003) . Ongoing experiments in our laboratory are addressing this exciting hypothesis.
Our findings in the four pain models used, along with the results reported for the anti-nociceptive activity of botulinum neurotoxins (Argoff, 2010; Qerama et al. 2010; Yoon et al. 2010; Carmichael et al 2010; Favre-Guilmard et al. 2009; Mika et al. 2011; Torgovnick et al. 2010; Yuan eta al. 2009 ), support the tenet that neuronal exocytosis of receptors and channels and/or pro-inflammatory neuronal peptides plays a pivotal role in the development and maintenance of chronic inflammatory and neuropathic pain, and implies a central contribution of peptidergic nociceptor sensitization in the pathogenesis of pain. However, we could not discard an effect of these compounds on nonpeptidergic nociceptors, where they can also down regulate the function of their peripheral terminals. For instance, it is known that botulinum neurotoxins may produce axonal retraction, which may promote a peripheral denervation that may contribute to its analgesic activity. Compound DD04107 may have a similar influence on nonpeptidergic nociceptors, although we have seen in vitro an effect on neuronal morphology similar to a denervation only at high peptide concentrations (100 μM, data not shown). Alternatively, the possibility that DD04107-evoked anti-nociception might be due to a central effect on the opioid signaling system was discarded because DD04107 mechanical anti-nociception was insensitive to naltrexone, a potent antagonist of opioid receptors. This result suggests a peripheral action of the peptide, although a central effect, for instance, at the spinal cord, cannot be ruled out. Nonetheless, additional cellular and molecular data are needed to further unveil the underlying mechanism of the potent anti-nociceptive activity exerted by inhibitors of neuronal exocytosis.
In conclusion, we have shown that a small peptide that blocks neuronal exocytosis with moderate efficacy potently attenuates the hyperalgesia and allodynia phenomena associated to chronic pain. At variance with botulinum neurotoxins that This article has not been copyedited and formatted. The final version may differ from this version. 
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